ABSTRACT Background: The overconsumption of energy-dense foods leads to excessive energy intakes. The substitution of low-energy-dense vegetables for foods higher in energy density can help decrease energy intakes but may be difficult to implement if individuals dislike the taste of vegetables. Objective: We investigated whether incorporating puréed vegetables to decrease the energy density of entrées at multiple meals reduced daily energy intakes and increased daily vegetable intakes. Design: In this crossover study, 20 men and 21 women ate ad libitum breakfast, lunch, and dinner in the laboratory once a week for 3 wk. Across conditions, entrées at meals varied in energy density from standard versions (100% condition) to reduced versions (85% and 75% conditions) by the covert incorporation of 3 or 4.5 times the amount of puréed vegetables. Entrées were accompanied by unmanipulated side dishes. Participants rated their hunger and fullness before and after meals. Results: Subjects consumed a consistent weight of foods across conditions of energy density; thus, the daily energy intake significantly decreased by 202 6 60 kcal in the 85% condition (P , 0.001) and by 357 6 47 kcal in the 75% condition (P , 0.0001). Daily vegetable consumption significantly increased from 270 6 17 g of vegetables in the 100% condition to 487 6 25 g of vegetables in the 75% condition (P , 0.0001). Despite the decreased energy intake, ratings of hunger and fullness did not significantly differ across conditions. Entrées were rated as similar in palatability across conditions. Conclusions: Large amounts of puréed vegetables can be incorporated into various foods to decrease the energy density. This strategy can lead to substantial reductions in energy intakes and increases in vegetable intakes. This trial was registered at clinicaltrials.gov as NCT01165086.
INTRODUCTION
Americans are exposed to an environment filled with easily accessible, energy-dense foods that promote the consumption of excess energy. To reduce energy intakes, government agencies recommend substituting low-energy-dense foods such as vegetables for foods higher in energy density (1, 2) . Research has shown that this strategy has multiple benefits because it reduces energy intakes (3) (4) (5) and increases vegetable intakes (6) ; it may be difficult, however, for some adults to implement. One barrier that prevents individuals from meeting recommendations to increase vegetable intakes is a dislike for the taste of vegetables (7) (8) (9) . Puréeing vegetables and covertly adding them to foods while maintaining palatability could be an effective strategy to help individuals overcome this barrier. The purpose of the current study was to determine whether covertly incorporating lowenergy-dense puréed vegetables into foods increased vegetable intakes and decreased energy intakes in adults over 1 d.
Laboratory-based studies have shown that people tend to eat a consistent weight of food; as a result, if the energy density of the food is decreased, people consume less energy (3, 5, 10) . Several methods can be used to decrease the energy density of foods, including reducing the fat and sugar content and increasing the proportion of water-rich fruit and vegetables. A few studies have focused on the strategy of decreasing energy density by increasing the vegetable content of foods. These studies in adults have shown that overtly substituting vegetables for more energydense ingredients in mixed dishes led to reduced energy intakes (3) (4) (5) and increased vegetable intakes (6) . Participants in these studies were screened to ensure that they liked and would eat the vegetables used for the manipulations (3, 5, 6) . Thus, the question of how to increase intakes of low-energy-dense vegetables in people who vary in their liking for vegetables remains unanswered. One study in preschool children, who are often picky about eating vegetables, indicated that covertly incorporating puréed vegetables in foods could increase vegetable intakes and reduce energy intakes (11) . In adults, it is not known whether the incorporation of puréed vegetables into foods has similar effects on energy and vegetable intakes.
In the current study, the energy density of entrées at breakfast, lunch, and dinner was varied by covertly incorporating different amounts of puréed vegetables while maintaining a similar palatability. Entrées were accompanied by various unmanipulated side dishes, and all foods were consumed ad libitum. It was hypothesized that adding puréed vegetables to reduce the energy density of entrées would lead to a reduction in energy intakes and an increase in vegetable intakes at each meal. In addition, it was predicted that these effects would persist throughout the day and result in a reduction in daily energy intakes and an increase in daily vegetable intakes.
SUBJECTS AND METHODS

Study design
This experiment used a crossover design with repeated measures within subjects. One day a week for 3 wk, participants were provided with all of their foods and beverages for breakfast, lunch, dinner, and evening snack. Across test days, the entrées served at the 3 main meals were varied in energy density (100%, 85%, or 75%) by changing the vegetable content. The entrées were accompanied by various unmanipulated side dishes. Main meals were served in the laboratory, and unmanipulated evening snacks and bottled water were provided for consumption outside of the laboratory. All foods and beverages served in the study were consumed ad libitum. The order of experimental conditions was randomly assigned across participants.
Participants
Men and women aged 20-45 y were recruited for the study through advertisements in campus electronic newsletters. Potential subjects were interviewed by telephone to determine whether they met the initial study criteria, which included that subjects had a reported body mass index (BMI; in kg/m 2 ) between 18 and 40, regularly ate 3 meals/d, did not smoke, did not have any food allergies or restrictions, were not athletes in training, were not dieting, were not taking medications that would affect appetite, and were willing to consume the foods served in the test meals.
Potential subjects who met the initial study criteria came to the laboratory to have their heights and weights measured (model 707; Seca Corp, Hanover, MD) and to rate the taste of food samples, including the manipulated study entrées at 85% energy density. The following questionnaires were also completed: a detailed demographic and weight-history questionnaire, the Zung self-rating scale (12) , which was used to evaluate symptoms of depression, the eating attitudes test (13) , which was used to assess indicators of disordered eating, and the eating inventory (14) , which was used to measure dietary restraint, tendency toward hunger, and disinhibition. Exclusion criteria included a measured BMI ,18 or . 40, a taste rating for any entrée sample 30 mm on a 100-mm scale, a score 40 on the Zung scale, or a score 20 on the eating attitudes test. Subjects were also excluded if they had not maintained their weight 4.5 kg during the 6 mo before the study. During the study, subjects were excluded if they did not meet a minimum intake of 50 kcal from the manipulated breakfast entrée and 100 kcal from the manipulated lunch and dinner entrées. Subjects were told that the purpose of the study was to determine perceptions of different tastes. Subjects provided signed consent forms and were financially compensated for their participation. All aspects of the study were approved by The Pennsylvania State University Office for Research Protections.
The sample size for the experiment was estimated by using data from previous 1-d studies in the laboratory. The minimum difference in daily energy intakes assumed to be clinically significant was 200 kcal. A power analysis was performed and estimated that a sample size of 37 subjects was needed to detect this difference in daily energy intakes with .80% power by using a one-sided test with a significance level of 0.05.
A total of 48 participants were enrolled in the study. Five participants were excluded from the study for failing to meet the minimum entrée intake, and one participant was excluded for not following the study protocol. The data of one additional participant was excluded for having undue influence on the outcomes according to the procedure of Littell et al (15) ; this individual had extremely low intakes on one test day. Thus, a total of 41 participants were included in the analyses; the characteristics of these subjects are shown in Table 1 .
Test foods and meals
The entrées for each main meal were developed in 3 versions that differed in energy density as follows: 100% (standard), 85% of the standard, and 75% of the standard ( Table 2 ). The manipulated entrées were carrot bread at breakfast, macaroni and cheese at lunch, and chicken and rice casserole at dinner. These foods were selected because they are commonly consumed, and the vegetable content could be manipulated while maintaining a similar taste, texture, and appearance across energy densities. The standard entrées were representative of the energy density and vegetable content of commonly used recipes. To reduce the energy density, the amounts of puréed vegetables (carrots, squash, and cauliflower) in the standard recipe were increased by 3 or 4.5 times as the other ingredients were decreased. Thus, low-energy-dense vegetables were substituted in the recipes for the other ingredients. Substantial portions of entrées were provided at each meal, but participants were allowed to request an additional entrée, if desired, in which case, they were served a second dish of the entrée that contained one-half the original amount. This happened infrequently during the study; 4 participants requested an additional breakfast entrée on one or more occasions and one participant requested an additional dinner entrée on one occasion. The entrées were accompanied by various unmanipulated side dishes ( Table 3) , and 1 L H 2 O in addition to the choice of coffee or tea at breakfast. Noncaloric sweeteners were provided for subjects who selected coffee or tea in addition to one creamer (20 kcal) with coffee.
Unmanipulated evening snacks (Table 3 ) and bottled water were provided after the dinner meal to be consumed outside of the laboratory. Bottled water was also provided for consumption between meals. All foods and beverages were consumed ad libitum and were weighed before and after meals to determine the amount consumed to the nearest 0.1 g. Energy and macronutrient
TABLE 1
Characteristics of participants in a study in which the energy density of entrées was reduced by varying the amount of puréed vegetables 1 All values are means 6 SEMs. 2 Significantly different from women, P , 0.0001 (Student's t test). 3 Score from the eating inventory (14) .
intakes were calculated by using information from food manufacturers and a standard nutrient database (16).
Procedures
The day before each test day, subjects were instructed to keep their food intakes and activity levels consistent, refrain from consuming alcohol, and refrain from eating after 2200 the evening before each test day. Subjects kept a record of their intakes and activities to encourage compliance with this protocol. On test days, subjects came to the laboratory at scheduled meal times, were seated in individual cubicles, and completed a brief questionnaire that asked whether they had felt ill, taken any medications, or consumed any foods or beverages not provided by the researchers since the last meal. Their meals were then served, and they were instructed to consume as much or as little of the foods and beverages as desired. Lunch was served 3 h after breakfast, and dinner was served 4 h after lunch.
Ratings of hunger, satiety, and food characteristics
Subjects used visual analog scales (17) to rate their hunger, fullness, thirst, prospective consumption, and nausea immediately before and after each meal and immediately before consuming the evening snack. The characteristics of the entrées were also assessed by using visual analog scales. Immediately before and after each meal, subjects were provided with a sample of the manipulated entrée and instructed to first rate the appearance of the sample and then eat the sample and answer the remaining questions about pleasantness of taste and pleasantness of texture. After the final meal, subjects completed a discharge questionnaire to report their ideas about the purpose of the study and any differences they noticed between test days. Subjects also completed a questionnaire about food preferences in which they were asked to rate their liking of a variety of foods on a scale of 1-7 with 1 representing "Dislike strongly" and 7 representing "Like strongly." Of the various foods listed, the majority were foods that were served in the study.
Data analyses
Data were analyzed by using a mixed linear model with repeated measures (SAS 9.1; SAS Institute Inc, Cary, NC). The fixed effects in the model were the experimental condition (entrée energy density), study week, and subject sex. The primary outcomes for the study were food intake (g), vegetable intake (g), energy intake (kcal), and energy density (kcal/g) at each meal and over the entire day. Energy density was calculated based on foods only; beverages were excluded (18) . Vegetable intakes were characterized by both weight and volume; the volume of one serving of vegetables was defined as 0.5 cups (118 mL) (19) . Secondary outcomes were participant ratings of hunger, satiety, and food characteristics. Subject characteristics were investigated as covariates in the main statistical model. Analysis of covariance was also used to determine whether participant ratings of hunger and satiety influenced the relation between experimental condition and meal energy intake and whether participant ratings of entrée characteristics influenced the relation between the experimental condition and intakes of the manipulated entrées. Results are reported as means 6 SEs and were considered significant at P , 0.05.
RESULTS
Vegetable intake
The incorporation of additional puréed vegetables to reduce the energy density of the entrées significantly increased the total vegetable intake at each meal (P , 0.0001; Figure 1 ) and over the day (P , 0.0001; Table 4 ). The amount of vegetables consumed daily from the entrées was 62 6 3 g vegetables in the 100% condition, 198 6 9 g vegetables in the 85% condition, and 288 6 14 g vegetables in the 75% condition. This was equivalent to one additional vegetable serving per day in the 85% condition and 2 additional vegetable servings per day in the 75% condition. Although the vegetable intake from the entrées increased as their vegetable content was increased, the consumption of vegetable side dishes at the lunch and dinner meals did not change significantly. The intake of carrots at the evening snack was also consistent across conditions. Thus, the total vegetable intake over the entire day increased from 270 6 17 g vegetables in the 100% condition to 401 6 20 g vegetables in the 85% condition (a 50% increase) and to 487 6 25 g vegetables in the 75% condition (an 80% increase) (P , 0.0001).
Food intake
The total weight of food consumed at each meal and snack ( Figure 2A ) and over the entire day (Table 4) did not differ significantly across conditions of entrée energy density. Intakes of manipulated entrées at lunch and dinner were not significantly different across conditions, but the intake of the breakfast entrée was higher in the 75% condition than in the 100% condition (P = 0.011). Participants consumed, on average, 113 6 9 g of carrot bread in the 100% condition, 121 6 9 g of carrot bread in the 85% condition, and 128 6 10 g of carrot bread in the 75% condition. Participants consumed consistent weights of all unmanipulated side dishes and evening snacks across conditions (P . 0.27 for all items).
Energy intake and energy density
The energy intake over the day significantly decreased as the energy density of entrées was reduced (P , 0.0001; Figure 2B ). Compared with the 100% condition, participants consumed 202 6 60 kcal less in the 85% condition and 357 6 47 kcal less in the 75% condition. These differences were equivalent to mean decreases in the daily energy intake of 6% and 11%, respectively. The energy intake from unmanipulated side dishes and evening snacks did not differ significantly across conditions. Men consumed a mean of 73 6 1.8% of the energy provided from unmanipulated side dishes and evening snacks, and women consumed a mean of 51% 6 1.5% of the energy provided from unmanipulated side dishes and evening snacks. None of the participants consumed the entire amount of side dishes and evening snacks provided over 1 d. Thus, the decrease in daily energy intake was a result of the reduction in energy intake from the manipulated entrées.
At lunch and dinner meals, the energy intake from the entrées significantly decreased as the energy density was reduced (P , 0.0001). The reduction in energy intake from the entrées paralleled the reduction in energy density. The energy intake from the breakfast entrée was only significantly different between the 100% and 75% conditions (P , 0.01). Although participants consumed more carrot bread in the 75% condition, the reduction of energy density by 25%, reduced the energy intake from the carrot bread by 14% compared with that in the 100% condition. The dietary energy density over the day decreased significantly as the energy density of the 3 entrées was decreased (P , 0.0001). The mean dietary energy density was 1.76 6 0.03 kcal/g entrée in the 100% condition, 1.62 6 0.03 kcal/g entrée in the 85% condition, and 1.54 6 0.03 kcal/g entrée in the 75% condition. Thus, the reduction of the energy density of the entrées by 15% and 25% decreased the dietary energy density by means of 8% and 13%, respectively.
Ratings of hunger, satiety, and food characteristics
Before meals, participant ratings of hunger, fullness, prospective consumption, nausea, and thirst did not vary significantly across conditions (data not shown). After meals, ratings of hunger and satiety were not significantly different across conditions with one exception. After breakfast, ratings of fullness were higher in the 75% condition (82 6 2 mm) than in the 100% condition (76 6 3 mm; P = 0.014), which was consistent with the differences in intakes. This higher rating did not influence ratings of fullness before the lunch meal. Ratings of fullness before consumption of the evening snack were not significantly different across conditions.
Ratings of pleasantness of appearance, taste, and texture for each of the manipulated entrées are shown in Table 5 . All entrées were well liked by participants. Across conditions, there were no significant differences in ratings of pleasantness of appearance, taste, or texture for the chicken rice casserole, pleasantness of appearance or texture for the macaroni and cheese, or pleasantness of appearance for the carrot bread. The pleasantness of taste of the macaroni and cheese in the 75% condition was rated significantly lower than in the 100% condition (P = 0.0167). For the carrot bread, ratings of pleasantness of taste and pleasantness of texture were significantly higher in the 85% (P , 0.001) and 75% (P , 0.0001) conditions than in the 100% condition. Analysis of covariance showed that these differences in ratings for the macaroni and cheese and carrot bread did not significantly influence the relation between the experimental condition and intake of entrées.
Influence of subject characteristics
Analysis of covariance showed that the relation between the entrée energy density and outcomes of total food, vegetable, and energy intakes was not significantly affected by participant age, sex, height, weight, BMI, or scores for dietary restraint, disinhibition, or hunger.
Ratings of the participant liking of puréed vegetables used to manipulate entrée energy density (carrots, yellow squash, and cauliflower) and the vegetable side dishes (broccoli and green beans) obtained from the food preference questionnaire are shown in Table 6 . Analysis of covariance revealed that the participant liking of vegetables used to manipulate the entrées did not significantly influence the relation between the entrée energy density and intake of entrées (data not shown). For example, the 75% energy density version of the macaroni and cheese had more puréed cauliflower than the 100% version, but the participant liking for cauliflower did not influence how much macaroni and cheese was consumed across conditions.
Comments from the discharge questionnaire showed that 18 participants (44%) noticed differences in the appearance, taste, or texture of the different versions of the entrées, and 2 participants (5%) noticed differences in the vegetable content; in particular, participants commented on the difference in moistness of the carrot bread. The effect of the experimental manipulation on the main outcomes of food, vegetable, and energy intakes did not differ significantly between participants who did and did not notice differences between the entrées.
DISCUSSION
The findings from this study show that incorporating puréed vegetables into meals as a method of decreasing energy density can be an effective strategy to reduce energy intakes and increase vegetable intakes over 1 d. Participants consumed a similar weight of food across conditions, and therefore, when the energy density of the breakfast, lunch, and dinner entrées was reduced by 15% and 25%, daily energy intakes was reduced by 6% and 11%, respectively. In addition, vegetable intakes over the day increased by '50% in the 85% condition and by 80% in the 75% condition. Despite the reduction in daily energy intakes across conditions, participant ratings of hunger and fullness did not differ significantly. Adding puréed vegetables to foods is a simple strategy that can lead to large effects on daily energy and vegetable intakes.
The energy density of foods can be manipulated in a variety of ways such as decreasing the fat and sugar content and increasing the amount of water-rich fruit and vegetables. Many studies have used a combination of these methods (20) (21) (22) (23) (24) , but only a few studies have incorporated vegetables as the primary method of reducing energy density (3) (4) (5) . In these studies, vegetables were overtly substituted for higher-energy-dense ingredients in a mixed dish. The results showed that participants consumed a similar weight of food across energy densities and, thus, consumed less energy as the energy density was decreased. Despite these differences in energy intakes, ratings of hunger and satiety did not differ across conditions (3) (4) (5) . The current study extended these findings by covertly incorporating puréed vegetables into foods to reduce the energy density and similarly showed reductions in energy intakes with no differences in hunger and satiety. In contrast to previous studies, the manipulated entrées in the current experiment were served with palatable side dishes that were not varied in energy density and could be consumed ad libitum. The finding that intakes of these side dishes, as well as the unmanipulated evening snacks, were consistent across conditions showed that the effects of energy density on intake can persist over 1 d, even when participants are given opportunities to compensate for reductions in energy intakes. It is possible that individuals could compensate by consuming more energy on subsequent days, and this should be explored in future studies. The results of this study added to the evidence that decreasing the energy density of foods by increasing vegetable content is an effective strategy to reduce energy intakes. Compared with the use of chopped or whole vegetables, puréed vegetables can be covertly incorporated into a wide variety of sweet and savory foods and therefore provide more opportunities for influencing energy intakes. Substituting low-energy-dense vegetables for foods higher in energy density was recommended by several government agencies to help reduce energy intakes (1, 2) . This strategy also has the potential to help increase vegetable intakes. One study investigated this approach by increasing the amount of whole vegetables served at a meal while decreasing the amount of grain and meat. The results showed that, when the portion of vegetables was increased by 90 g, the vegetable intake at the meal increased by about one-half of a serving; when the portion was increased by 180 g, the vegetable intake increased by three-quarters of a serving (6) . A similar substitution strategy was used in the current study, except that puréed vegetables were used rather than whole vegetables. Comparable with the effects showed in the previous study, increasing the amount of puréed vegetables in each of the lunch and dinner entrées by 90 or 160 g increased the vegetable intake at each meal by one-half of a serving or threequarters of a serving, respectively. As a result, the substitution increased vegetable consumption over the day by one additional serving of vegetables in the 85% condition and 2 additional vegetable servings in the 75% condition. Furthermore, because intakes of vegetable side dishes did not change, puréed vegetables in the entrées added to the overall vegetable intake. The strategy of substituting either whole or puréed vegetables for foods higher in energy density can be effective in increasing vegetable intakes and reducing energy intakes, but using puréed vegetables may be especially beneficial in individuals who dislike the taste of vegetables.
A dislike for the taste or texture of vegetables is a barrier to achieving recommended vegetable intakes for many Americans (7) (8) (9) . The incorporation of puréed vegetables into foods may be one way to help individuals overcome this barrier. In the current study, the entrées were formulated so that the taste, texture, and appearance of each entrée remained similar as the amount of puréed vegetables was increased. Subject ratings of the entrée characteristics and comments from the discharge questionnaire revealed that some individuals noticed differences in the taste and texture of some entrées. For example, as the amount of vegetables increased in the carrot bread, ratings for pleasantness of taste and texture increased. On the basis of participant comments, the higher ratings were likely because of the increased moistness; this could also explain why participants consumed more carrot bread in the 75% condition. Despite consuming a greater amount, participants still consumed less energy from the carrot bread and the entire breakfast meal in the 75% condition than the 100% condition. At the lunch meal, taste ratings of the macaroni and cheese were significantly lower in the 75% condition than in the 100% condition, but this did not affect intakes of the entrée across conditions. The participant liking of the vegetables used to manipulate energy density (carrots, squash, and cauliflower) did not influence intakes of the entrées. These results suggested that large amounts of puréed vegetables can be incorporated into foods with only slight differences in palatability and that such differences are unlikely to affect intakes. Although covertly incorporating vegetables into entrées should not be advised as the only method of increasing vegetable consumption, this strategy provides an additional opportunity for meeting recommended intakes, particularly in individuals with a low liking for vegetables.
In conclusion, this study showed that substantial amounts of puréed vegetables could be effectively incorporated into a variety of sweet and savory foods to increase vegetable intakes and reduce energy intakes. In addition, these effects can persist over 1 d even when subjects are given the opportunity to compensate for decreases in energy intakes by consuming other palatable foods. Hiding vegetables in foods has been shown to be effective in children to reduce energy intakes and increase vegetable intakes (11) , and the current study showed it was also effective in adults, including in adults who disliked the taste of vegetables. This simple strategy provides an opportunity that could be implemented in many settings; for example, it can be used by individuals at home, by restaurant chefs, or by the food industry to influence vegetable and energy intakes. The effect of this strategy needs to be investigated over time to determine whether it can have persistent effects on energy intakes that could affect the rising rates of obesity.
